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© Electrolyte paste for molten carbonate fuel cells 


© The electrolyte matrix (1) and electrolyte reser- 
voir plates (6) in a molten carbonate fuel cell power 
plant stack are filled with electrolyte by applying a 
paste (12) of dry electrolyte powder entrained in a 
dissipatable carrier to the reactant flow channels (8) 
in the current collector plate (4). The stack plates are 
preformed and solidified to final operating condition 
so that they are self sustaining and can be disposed 
one atop the other to form the power plant stack. 
Packing the reactant flow channels (8) with the elec- 
trolyte paste (12) allows the use of thinner electrode 
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plates, particularly on the anode side of the cells. 
The use of the packed electrolyte paste provides 
sufficient electrolyte to fill the matrix and to entrain 
excess electrolyte in the electrode plates, which also 
serve as excess electrolyte reservoirs. When the 
stack is heated up to operating temperatures, the 
electrolyte in the paste melts, the carrier vaporizes, 
or chemically decomposes, and the melted elec- 
trolyte is absorbed into the matrix and electrode 
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FIG-1 


Rank Xerox (UK) Business Services 

13. IO/3.09/3.3.4I 


EP 0 689 258 A1 


• Technical Field 

This invention relates to the electrolyte loading 
of electrolyte matrix plates, and electrolyte reser- 
voir plates with liquid electrolyte in a molten car- 
bonate fuel cell stack. More particularly, this inven- 
tion allows the use of more efficient thin anode flow 
field plates without unduly limiting the amount of 
electrolyte incorporated into the stack. 

Background Art 

Molten carbonate fuel cell stacks utilize a melt- 
ed carbonate electrolyte which is contained in an 
inert porous matrix plate. Preferably, the stacks will 
also include excess moften electrolyte which will be 
contained in electrolyte reservoir plates that also 
serve as the electrodes. The excess electrolyte will 
migrate into the matrix plate as needed. Since the 
carbonate electrolyte in these power plants is a 
solid at ambient temperatures, the problem is how 
to load such electrolytes into the matrix and reser- 
voir plates in the stack. One procedure for forming 
such loaded plates is to form a green tape plate 
from lithium aluminate matrix particles, arid car- 
bonate electrolyte particles which are all held to- 
gether by a binder. These electrolyte-matrix tapes 
are placed between the electrodes during assem- 
bly of the stack, and the binder is burned out of the 
tape during stack heat-up, and the carbonate par- 
ticles are melted in situ in the interstices of the 
lithium aluminate matrix. 

The aforesaid procedure for forming loaded 
matrix or reservoir plates causes the plate particles 
to be separated from each other due to the pres- 
ence of the carbonate particles in the green tape. 
The resultant lithium aluminate matrix will thus 
have larger pores than desired, which causes the 
stack to be dimensionally unstable, and the matrix 
layers in the stack may collapse to some extent. a 
The cumulative result of matrix collapse of the 
matrices in a multi-cell stack can cause the oper- 
ative portions of the stack to slide against the 
manifold seals to damage the latter. 

One manner of avoiding the aforesaid prob- * 
lems which arise has been to place dry powdery 
carbonate on the electrode plates; preheat the 
plates prior to forming the stack so as to melt the 
carbonate powder. Once the carbonate powder 
melts, it will seep into the electrode/ER plate inter- si 
slices. This approach has proven feasible for use in 
stacks which have sufficiently thick electrode/ER 
plates so as to accommodate a large enough 
amount of the carbonate powder to ensure that 
after the electrolyte has filled the matrix plate, a ss 
sat.sfactory amount of the melted electrolyte will 
remam in the electrode/ER plates to provide suffi- 
cient ER electrolyte to replenish electrolyte lost 
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from the matrix plates over an extended period of 
time to prolong stack life. This type of procedure 
does not adversely affect stack integrity because 
the matrix and ER electrode plates are preformed. 
The aforesaid solution to the problem of electrolyte 
loading is not effective unless the electrode plates 
are relatively thick. When relatively thin elec- 
trode/ER plates are needed for enhanced stack 
performance, the preloading of the electrode plate 
with carbonate electrolyte is ineffective because of 
the lack of sufficient electrolyte capacity due to the 
thinness of the electrode. 

Disclosure of the Invention 


This invention relates to a method for loading 
carbonate electrolyte into a molten carbonate fuel 
cell stack when thin anode plates are incorporated 
into the stack. "Thin" electrode plates are plates 
?o which have a total thickness in the range of 10-40 
mil, and preferably about 20 mil. This contrasts 
with prior art electrode plates having a thickness in 
the range of about 40-60 mil. The thicker electrode 
plates of the prior art can result in undesirable 
s operating power losses for the stack.. The dry car- 
bonate particles are incorporated into a carrier ve- 
hicle that will vaporize or chemically decompose as 
the stack is heated up to operating temperatures to 
melt the carbonate particles. The mixture has a 
' pasty consistency which can be forced into the 
current collector flow field grooves of a preformed 
metal plate and will adhere to the current collector 
and anode plates as the stack is assembled. The 
paste should have a lubricity that ensures that it 
i will not be squeezed laterally off of the flow field 
plates when the stack is first assembled at room 
temperature. Thus the percentage of the carrier 
vehicle is an important consideration in the inven- 
tion. We have found that a 70% electrolyte/30% 
carrier vehicle mixture provides adequate flow 
characteristics at both room temperature and stack 
heat-up temperatures. The use of a pasty car- 
bonate electrolyte premix allows sufficient carbon- 
ate to be loaded into the current collector plate 
grooves to ensure filling of the electrolyte matrix, 
and providing an adequate reserve of electrolyte in 
the anode and cathode plates. The pasty premix 
will adhere to the current collector plate sufficiently 
so that significant amounts of the electrolyte will 
not be dislodged from the plates as the stack is 
assembled. The carrier vehicle should not be a 
flammable material, and should either evaporate or 
chemically decompose without leaving any residue 
when the stack is heated to operating temperatures 
to melt the electrolyte. Also, the carrier vehicle 
should not react with the electrolyte or other ma- 
terials in the stack. Aqueous materials are thus not 
suitable for the aforesaid purpose. Materials such 
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as petroleum jelly, bees wax and glycerin have 
proven to be operable in carrying out the invention. 

It is therefore an object of this invention to 
provide a method for loading carbonate electrolyte 
into a molten carbonate fuel cell stack. 

It is a further object of this invention to provide 
a method of the character described which pro- 
vides sufficient electrolyte retention in the stack to 
supply adequate electrolyte reserves in electrolyte 
reservoir plates in the stack. 

It is an additional object of the invention to 
provide a method of the character described which 
admits to the use of thin electrode reservoir plates 
without unduly limiting the amount of reserve elec- 
trolyte retained in the reservoir plates. 

These and other objects and advantages will 
become more readily apparent from the following 
detailed description of an embodiment of the inven- 
tion when taken in conjunction with the accom- 
panying drawings, in which: 

Brief Description of the Drawings 

FIG. 1 is a side elevational view of an electrolyte 
matrix plate, an anode/electrolyte reservoir plate 
and current collector plate subassembly for a 
fuel cell stack formed in accordance with this 
invention shown prior to heating of the stack to 
operating temperatures; and 
FIG. 2 is a view similar to FIG. 1 but showing 
the subassembly after the stack has been 
brought to operating temperatures. 

Best Mode For Carrying Out The Invention 

Referring now to FIG. 1, there is shown an 
electrode subassembly for use in a molten car- 
bonate fuel cell stack, which subassembly 2 in- 
cludes an anode/electrolyte reservoir plate 6 and 
an electrolyte matrix plate 1. The matrix plate 1 is 
preferably constructed from two separate abutting 
plates 1a and 1b. The plates 1 and 6 are prefor- 
med porous structures which will contain the mol- 
ten electrolyte when the stack is at operating tem- 
peratures. The anode/electrolyte reservoir plate 6 
provides the locus of the electron-producing reac- 
tion; and the anode/electrolyte reservoir plate 6 
holds excess electrolyte which will migrate there- 
from into the matrix plate 1 as needed. The assem- 
bly also includes a current collector plate 4 which 
is preferably a stamped metal plate. The current 
collector plate 4 has a plurality of recesses 8 
formed therein which are separated by intervening 
ribs 10. The recesses 8 form reactant flow paths 
adjacent to the anode plate 6 during operation of 
the stack. The current collector recesses 8 are 
each packed with the electrolyte paste 12. The 
paste 12 will typically consist of about 70% car- 


bonate powder and about 30% carrier vehicle. The 
interstices of the plate 6 have been prefilled with 
electrolyte prior to initial stack heat up, and the 
paste 12 will be contained in the recesses 8 of the 
5 current collector/reactant flow field plate 4. 

Referring now to FIG. 2, it will be seen that 
when the stack is heated to operating tempera- 
tures, the electrolyte paste will decompose in the 
sense that the carrier vehicle will be driven off and 
10 the carbonate will melt and flow from the recesses 
8 into the interstices of the porous plate 6. as 
indicated by arrows A: and the pre-filled electrolyte 
in the plate 6 will remelt and flow into the pores of 
the matrix plate 1, as indicated by arrows B. The 
,s matrix plate 1 and the reservoir plate 6 will thus be 
supplied with sufficient electrolyte to operate the 
stack over extended periods of time. 

It will be readily appreciated that the method of 
this invention allows for the loading of a sufficient 
20 amount of carbonate electrolyte into a moHen car- 
bonate fuel cell stack which utilizes thin electrode 
plates for enhanced performance. The structural 
plates in the stack are not adversely weakened by 
the loading method of this invention. The ability to 
25 utilize these electrode plates results in a more 
efficient stack with minimal internal power losses. 
Preferably only the anode side of the electrodes 
will be prefilled with the electrolyte, but the cathode 
side could also be prefilled with electrolyte if so 
30 desired. 

Since many changes and variations of the dis- 
closed embodiment of this invention may be made 
without departing from the inventive concept, it is 
not intended to limit the invention otherwise than as 
35 required by the appended claims. 

Claims 

1. A method for providing a supply of reserve 
40 - electrolyte in a molten carbonate fuel cell 
stack, said method comprising the steps of: 

a) providing an excess amount of electrolyte 
in the fuel cell stack, said excess electrolyte 
being contained in a pasty electrolyte mix- 

45 ture comprising solid electrolyte particles 

which are dispersed in a carrier vehicle; and 

b) heating the stack to a temperature, which 
temperature will cause the carrier vehicle to 
be heat-dissipated from the stack, and 

so which temperature will also cause the elec- 

trolyte particles to melt and migrate into a 
porous electrolyte reservoir plate compo- 
nent of the stack. 

ss 2. The method of Claim 1 further comprising the 
step of applying said pasty electrolyte mixture 
to a current collector/reactant flow field compo- 
nent which is adjacent to said electrolyte reser- 
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voir plate component in the stack. 

*. The method of Claim 1 wherein said carrier 
vehicle is present in the pasty mixture in the 
amount of about 30% of the pasty mixture. 5 

■ The method of Claim 1 wherein said carrier 
vehicle is glycerin. 

• The pasty electrolyte mixture for use in loading to 
a molten carbonate fuel cell stack with elec- 
trolyte, said mixture comprising solid electro- 
h/te particles mingled with a carrier vehicle 
which carrier vehicle is heat-dissipated from 
the mixture at stack-operating temperatures. !5 

The electrolyte mixture of Claim 5 wherein the 
carrier vehicle is glycerin. 


so 
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